ABSTRACT
INTRODUCTION
Peyronie's disease, penile cancers, congenital deformities of the penis, and penile reconstructive surgery are conditions in which a suitable substitute for tunica albuginea is needed. Peyronie's disease is an acquired, localized fibrotic disorder of the tunica albuginea, resulting in penile deformity, pain, and in some men, erectile dysfunction. Several medical and surgical treatments are suggested for the Peyronie patients but all of them have their own advantages and disadvantages and none of them is an ideal choice for the treatment of the disease. Surgery is performed for the patients whose disease is stable and mature plaque is formed. Indications for surgery include deformity and/or erectile dysfunction that preclude intercourse. Excision and plication techniques have been frequently employed with different results. Also, biomaterial grafts of the dermis (1), cadaver pericardium (2) , porcine small intestinal submucosa (3), tunica vaginalis (4) , and temporalis fascia have been used (5) . Despite several surgical methods and biomaterials, it seems that none of them is an excellent choice and more studies could be logical and the matter is still under discussion. We herein report our experience in excising a part of canine penile tunica albuginea, grafting the human amniotic membrane, and evaluating artificial erection and histopathological changes of the specimens afterwards. We hope that success of this study could be first step toward an innovating new method for treatment of Peyronie's disease and other conditions mentioned above.
MATERIAL AND METHODS
This experiment was conducted on 10 male dogs from German race with an average age of 4 years (range = 2 to 6 years) and an average weight of 35kg in the Animal Laboratory of Shiraz University of Medical Sciences between August 2011 and September 2011. The procedures and the handling of the animals were reviewed and approved by the Research and Ethics Committee of Shiraz University of Medical Sciences in accordance with the 'principles of laboratory animal care', formulated by the National Society for Medical Research and the 'Guide for the Care and Use of Laboratory Animals', published by the National Institutes of Health (NIH publication 85-23, revised 1985) . All the dogs were healthy and without any urogenital disease.
Also, human amniotic membranes, provided by Shiraz Ghotbedin Burns Hospital were kept in alcohol (95%) until application. (In this center, amniotic membranes are provided from delivery rooms and are used as a biological dressing in burn patients.)
Anesthesia was induced with thiopental intravenous administration (5mg/kg), and the dogs were thereafter intubated. Anesthesia was maintained with halothane and oxygen. The site of surgery was shaved and prepped with Betadine solution, and the rest of the body was covered with sterile drapes. A tourniquet was applied at the base of the penis. Then, by injecting 75-100cc (further injection was impossible) of sterile normal saline, artificial full rigid erection was made for evaluation of any deformity or chordee in the penis. Next, the penis was degloved by retracting the cutaneous sheath of the penis. A rhomboid incision, about 3x2cm in size, was made over the tunica albuginea and its overlying squamous epithelium before it was dissected from the underlying corpora cavernosa using Metzenbaum scissors. Any tear in the corpora cavernosa vessels was repaired with vicryl 5-0. Subsequently, a piece of amniotic membrane was selected, washed with normal saline, and folded twice on itself to increase its thickness and strength. The amniotic membrane graft with the same size as the defect was snuggly sutured to its edges with prolene 5-0, the tourniquet was removed, and any bleeding from the graft edges was controlled by over-sewing with prolene 5-0. At the end of the procedures, Ceftriaxone (1gr.) was injected intramuscularly.
All the animals were NPO for 6 hours postoperatively before the diet was started. The dogs were kept in a clean environment and separate cages and were followed up daily for two weeks and weekly after that.
After about 8 weeks, five dogs were operated on again under general anesthesia. First, a tourniquet was applied at the base of the penis and artificial full rigid erection was made by injection of 75-100ml (as maximum as possible) of normal saline into the corpus cavernosum. At this step more injection of more saline was impossible. Full erection of the penis was created for evaluation of any chordee or deformity in them. Then, the grafts, in addition to 5 millimeters of the normal margin, were removed and sent to the pathology ward for histopathological examination in formalin (10%) solution. Also, the operation was performed for the other 5 dogs in the same manner as was explained above, after about 12 weeks. Also, in this group, artificial rigid erection was made by injection of 75-100ml of normal saline into the corpus cavernosum. Samples of this group were sent for histopathological examination as well. In the pathology ward, the slides were made from samples and H&E, Masson's trichrome, and Verhoeff-van Gieson elastin staining were performed on the slides under 100x magnification.
RESULTS
The operations were performed successfully in all of the animals. No complications re-lated to surgery like infection or bleeding were seen during intra or postoperatively. The mean operation time was about 30 minutes. Full artificial erection was created without any chordee or deformity in the penis, and no leakage or bulging in the area of the grafts was seen in all of the dogs. The grafted amniotic membrane became similar to the surrounding tissue, and only the line of non--absorbable sutures discriminated the border between the graft and normal tissue ( Figure-1) .
Histopathological evaluation revealed complete re-epithelialization of the epithelium with squamous layers. Also, scattered chronic inflammatory cells infiltration was seen but inflammation decreased significantly in the samples that were subjected to surgery after 12 weeks as compared to the other group. Moreover, increased collagen fiber deposition and decreased elastic fibers in the upper portion of the repaired area was seen ( Figure-2) . No dysplasia was detected.
DISCUSSION
The tunica albuginea is a bilaminar structure throughout most of its circumference. It is composed of an outer longitudinal layer and an inner circular layer and the corpora are separated by an incompetent septum. Nevertheless, on the ventrum, the longitudinal layer of the tunica albuginea is absent and this potentially allows dorsal buckling more easily; this can explain why most patients with Peyronie's disease demonstrate lesions dorsally. The etiology and risk factors of Peyronie's disease, however, are not known completely. Some factors such as β blockers, urethral instrumentation, certain human leukocyte antigen subtypes, TGF-β (6), downregulation of matrix metalloproteinase (7), reduction in α1-antitrypsin level (8), oxidative stress, and cytokine release may have a role in the pathogenesis of the disease. In most cases, there are two phases. The first one is the active phase and is usually associated with painful erections and changing deformity of the penis. The second quiescent phase is described by stabilization of the deformity and disappearance of painful erections. A wide spectrum of medical and surgical treatments has been suggested for Peyronie's disease but none of them is perfect. Vitamin E, colchicine, intralesional corticosteroids, and intralesional Verapamil are among the medications usually prescribed for the treatment. Some urologists prefer surgical correction for stable and mature disease. Reed Nesbit (9) corrected erectile deformities caused by congenital abnormalities by shortening the opposite side of the penis using plication or the excision of an ellipse of tunica albuginea. This technique was applied to Peyronie's disease by Pryor and Fitzpatrick (10), who made use of the classical elliptical excision of the tunica opposite side of the plaque. Plication of the opposite aspect of the corpora cavernosa without excising the plaque was performed by Lue and Gholami (11 (25) showed that the basement membrane of the amnion promotes the migration of the epithelial cells and reinstitutes adhesion between the basement membrane and new epithelial cells. In addition, Kim (26) showed that the stromal matrix of the amniotic membrane contains proteinase inhibitors that promote healing of the epithelium and reduces inflammation of the host tissue stroma. In one study, reverse transcription-polymerase chain reaction analysis showed that human amniotic epithelial cells are capable to express albumin, alpha-1--antitrypsin and other hepatocyte-related genes; therefore, the amniotic membrane has the potency to produce alfa-1-antitrypsin (27) . Furthermore, in organ culture, the amnion also secreted alpha-1--antitrypsin. On the other hand, alfa-1-antitrypsin deficiency is likely to play a role in the pathogenesis of Peyronie's disease (8) ; as a result, the production of this material from the amniotic membrane can help in Peyronie's disease treatment. A study by Del Carlo evaluated the role of matrix metalloproteinase in this abnormal scarring process. Matrix metalloproteinases are enzymes that are engaged in the remodeling of the extracellular matrix proteins; these remodeling enzymes are regulated by the tissue inhibitors of metalloproteinase. In the case of Peyronie's disease, matrix metalloproteinases are downregulated, acting as a possible mechanism for the scarring process in the pathogenesis of Peyronie's disease (7) . In addition, immunohistochemistry studies performed on freshly prepared amniotic membrane confirmed that all the members of the tissue inhibitor of metalloproteinase (TIMP) family were present in the epithelial and mesenchymal cells and the compact layer of the amniotic stroma (24) . So, the interaction between amniotic membrane TIMP and tunica albuginea must be studied further. The amniotic membrane contains several growth factors; it is avascular and has anti-inflammatory, anti-angiogenic, and anti-scarring effects. These properties make human amniotic membrane an ideal tissue graft for the surface reconstruction of different tissues. In contrast to the studies that have reporthe defect was substituted with temporalis fascia as a microvascular free flap.
Utilization of de-epithelialized penile skin or other parts of the body has been suggested by many authors in the literature. Still, most urologists are unfamiliar with the skin de-epithelialization technique and as such tend to find it a difficult and time-consuming procedure. Incision in the plaque and patching the corporotomy defects with vein grafts is another technique. Grafts from the cadaver pericardium and porcine small intestinal submucosal graft have also been reported (2, 3) . Foreign material "grafts" (e.g. Silastic, Gore-Tex, and Dacron) have not had promising results thus far.
In addition to Peyronie's disease, there are other conditions whose treatment requires a substitution for tunica albuginea; these conditions include trauma, penile cancers, congenital curvatures, and reconstructive surgery of the penis. The amniotic membrane has been recently used widely and successfully in ophthalmology for corneal and conjunctival reconstructions (16) , burn dressing (17) , urethroplasty (18) , vestibuloplasty (19) , surgical dressings (20) , myelomeningocele (21), long ureteral stricture construction (22) , bladder reconstruction (23) , and other modalities. The amniotic membrane is composed of the connective tissue with a significant collagen and extracellular matrix composition. It is resistant to infection and rejection. In addition, it is avascular and has anti--inflammatory and anti-scaring properties (24) .
Artificial erection showed that the amniotic membrane changed from a delicate structure to firm adhesive fibrous material that can tolerate high intra-cavernosal pressure without leakage or bulging. Also during full rigid erection no chordee was seen and it showed amniotic membrane grafting is not only a fibrotic reaction; instead this biomaterial get host tissue properties like its distensibility and elasticity. Presence of elastin fibers in histopathologic evaluation confirms this. The capability of the amniotic membrane to achieve host tissue characters has been proved by several studies. It is a pluripotential tissue that can transform to the cornea, epidermis, dermis, transitional epithelium of the urethra and bladder, and others. We folded the amniotic membrane twice, and this may be responsible for the increased strength after ted the anti-inflammatory effects of the amniotic membrane, we observed chronic inflammatory cells infiltration in the repaired area, although the inflammation decreased significantly in the dogs subjected to surgery after 12 weeks in comparison to the other group. Re-epithelialization occurred in all of the grafts in our study. Other studies have also demonstrated the great potential of re-epithelialization in amniotic membrane grafts. Although the dogs haven't Peyronie's disease, these results that showed tunica abuginea could be replaced by amniotic membrane are encouraging. Also longer follow-up in next studies is recommended for evaluation of late complications. It should be emphasized that although we hadn't any infection or unwanted reaction, allografts and synthetic materials carry the risk of tissue reaction and infection.
CONCLUSIONS
This study suggests that the amniotic membrane is a biodegradable graft with little antigenic effects and its grafting is economical and easy. The amniotic membrane may be an ideal substitution for tunica albuginea and treatment of Peyronie's disease, penile cancers, and congenital deformities and in penile reconstructive surgery. Although the situation might not be the same in human and the immunological reaction, the retraction rate and the function of the graft could be different but at this step the results are encouraging but more experimental studies are highly recommended for more accurate and reliable results, which hopefully would make it possible for the amniotic membrane to be used in human cases.
